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Targeting CD22 on human B-cells with a monoclonal antibody conjugated to a cytotoxic RNAse causes 
potent and specific killing of the lymphoma cells in vitro. This translates to*^anti-tumor effects in human 
lymphoma models in SCID mice. RNA damage caused by RNAses could be an important alternative to 
standard DNA-damaging chemotherapeutics. A second generation construct with an improved 
recombinant cytotoxic RNAse is described. Targeted RNAses may overcome problems of toxicity and 
immunogenicity associated with plant or bacterial toxin-containing immunoconjugates. 
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INTRODUCTION 

Selective cytotoxicity using monoclonal antibodies is a 
major goal in drug development. Monoclonal antibody 
therapies have particularly improved for the treatment of 
non-Hodgkin's lymphomas (NHL). Encouraging response 
rates in patients treated with antibody constructs have 
been reported to range from 25 to 95% (reviev^^ed in Ref. 
[1]). One of the best-characterized monoclonal antibody 
targets on B-cells is the CD22 antigen. It is attractive 
because it is not exposed on embryonic stem or pre-B cells 
nor is it normally shed from the surface of antigen-bearing 
cells [2], A murine anti-CD22 monoclonal antibody (LL2, 
originally designated EPB-2 [3]) was developed for 
imaging and treatment of NHL. LL2 has a highly 
restricted specificity, yet is reactive with virtually all cases 
of NHL [4]. Five evaluable patients treated with 
radiolabeled murine, chimeric or humanized LL2 
achieved treatment responses, including one complete 
response in a patient who received only "diagnostic" doses 
of ['^^I]-LL2 IgG [5]. Although these and other results 
([1] and references therein) are promising, radiotherapy is 
toxic and the durability of the responses are not yet known. 
More recently humanized LL2, Epratuzumab, was 
reported to cause objective responses in NHL patients 



with minimal toxicity when administered as a naked 
antibody [6]. 

Potency against cancer cells can be enhanced when the 
antibodies are attached to various types of effectors (e.g. 
drugs, toxins or radionuclides). Recently, an anti-CD22 
antibody fiised to a toxin variant was reported to be 
particularly effective in patients with hairy cell leukemia 
[7]. In the following pages, we explore the potent 
combination of anti-CD22-targeted RNA-damaging 
agents as possible therapeutics for the treatment of 
lymphoma. Certain RNA-damaging agents are human 
proteins, or closely related, and are already in clinical 
trials for cancer. These qualities as well as novel 
mechanisms may offer attractive options for antibody 
targeted therapies. 



RNA AS A THERAPEUTIC TARGET 

Nature has exploited the use of RNA as a molecular target 
because it is more structurally diverse than DNA. Like 
proteins, RNA can fold into complex tertiary structures 
that create multiple sites for molecular recognition. 
Furthermore, damaged RNA is not subject to repair 
mechanisms and is more accessible than nuclear DNA. 
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CurrenUy. there is interest in developing RNA-based 
^erapeutics with RNA damaging enzymes, lU^Ases [8- 

The appeal of RNA as a drug target has stimulated the 
investigation of possible therapeutic applications for more 
than 40 years. In 1955. bovine pancreatic RNAse A 
injected into tumor-bearing mice was reported to impede 
tumor growth [11.12]. Thus, investigations into the 
clinical use of RNAse A were initiated for the treatment 
of leukemia. Patients with chronic myelocytic leukemia 
were given daily s.c. injections of 0.5-1 mg of the bovine 
enzyme and were reported to have a decrease in spleen 
size and a general improvement [13]. 

Although RNAse A did not enter the lexicon of 
anticancer drugs, an RNAse is cunrently in clinical trials 
for a variety of cancers. Onconase (Alfacell Corporation, 
Bloomfield. NJ), an amphibian member of the pancreatic 
RNAse A superfamily. was isolated from Rana pipiens 
oocytes by following cytotoxic activity against cancer 
cells in vitro [14-18] and in vivo [15]. It is the only 
unconjugated RNAse currently in clinical trials. The 
efficacy of onconase can be increased in combination 
therapy with standard chemotherapeutic agents [16,17], 
even in the presence of the mdrl form of multidrug 
resistance [19]. Phase I and Phase MI clinical trials of 
onconase as a single therapeutic agent in patients with a 
variety of solid tumors have recently been completed [20] 
and have progressed to Phase m clinical trials. Although 
onconase is an amphibian protein, there have been no 
problems associated with repeated administration in 
humans. This is most likely due, in part, to its positive 
charge and small size (12kDa). 

The potent cell killing activity of onconase is due to 
damage to tRNA [21,22] that causes a physiologically 
relevant death signal in mammalian cells [22]. Similar to 
DNA damage, the caspase cascade is activated, resulting 
in apoptosis. However, unlike DNA damage and apoptosis 
[23], onconase-induced apoptosis through tRNA damage 
is not affected by the absence of a functional p53 protein 
[22], which is yet another advantage of targeting RNA. 

Although onconase is being evaluated as a single agent 
or in combination chemotherapy, its activity is markedly 
increased when linked to antibodies ([9] and references 
therein). To date, the most potent antibody-onconase 
combination is against the CD22 antigen; LL2 increases 
the lymphoma specific activity 10,000 fold [24]. 

RECOMBINANT CYTOTOXIC RNASES 

The nature of the N-terminal is crucial to the cytotoxicity 
of RNAses. Dimeric bovine seminal (BS) RNAse 
expressed as a methionine (Met-1) fusion protein in the 
mclusion bodies of E. coli retained full enzymatic activity 
but expressed decreased cytotoxicity [25]. The X-ray 
crystallographic structure of onconase revealed that the N- 
terminal < Glu residue forms part of the active enzyme 
site [26], All native cytotoxic amphibian RNAses contain 



an N-terminal < Glu amino acid residue. Recombinant 
amphibian RNAses expressed as (Met-1) fusion proteins 
express neither catalytic nor cytotoxic activity [27-29] 
Full activities are expressed when the < Glu is 
reconstituted [27.29.30] or modified to restore active site 
interactions [31]. 



CLONING A CYTOTOXIC RNASE WITH 
IMPROVED PROPERTIES 

rapLRX was cloned from a cDNA library using poly [A] 
RNA purified from R, pipiens liver [32]. An open reading 
frame (ORF) encoding a putative 127 amino acid protein 
was found at the 5' end of clone 5alb starting from base 
97. Amino acids 1-23 are characteristic of a signal 
peptide with a charged amino acid within the first five 
amino acids, a stretch of at least nine hydrophobic amino 
acids to span the membrane, and ending with a cysteine 
[33]. The putative signal peptide sequence is followed 
from amino acid 24-127 by a highly conserved but not 
identical amino acid sequence compared to onconase [34]. 
The four amino acid differences between the ORF of clone 
5a lb and onconase include amino acid residues 1 1 Leu ^ 
ne, 20 Asn^Asp, 85 Thr^Lys and 103 His^Ser, 
respectively. With the exception of the conservative 
change at amino acid residue 1 1, all the other amino acid 
conversions are between polar and charged amino acid 
residues. The changes in amino acid sequence cause 
substantial differences in both enzymatic and cytotoxic 
properties of expressed and purified rapLRl compared to 
onconase: Most notably, raphRl is fully active without 
the N-terminal < Glu amino acid residue (IC50S. 
O.S fig/ml native onconase and rapLRl, respectively)! 
This simplifies expression of recombinant protein since 
recombinant onconase without a modified N-terminal 
amino acid residue is at least 100 fold less active 
aC5o> lOOM-g/ml, [27.28]). 



TARGETING rap LRl TO LYMPHOMA CELLS 
WITH ANTI.CD22 ANTIBODIES 

Intermolecular disulfide bond(s) between rapLRl and 
LL2 were formed by reacting rapLKl derivatized with the 
heterobifunctional cross-linking reagent, SPDP. with 2- 
iminothiolane-treated antibody. The resulting conjugate 
was separated from unreacted rapLRl by gel filtration on 
a TSK-3000 HPLC column. A molar excess of SPDP- 
rapLRl over the derivatized antibody yielded essentially 
all conjugate and no free antibody following a procedure 
used previously in the preparation of RNAse conjugates 
[35-37]. The number of mols of rapLKX conjugated per 
mol antibody ranged between 2 and 3 mols rapLK\lmo\ 
LL2. The M, of LL2-ra/;LRl on non-reducing SDS- 
PAGE was approximately ISOKDa, as expected for the 
monomeric antibody coupled to approximately 2.5 mols of 
/Y//7LRL No aggregates or degradation products were 
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TABLE I RNAse activity of ra/;LRI or LL2-ray;LRI conjugate 



RNAsc 


pH* 


Alois KNAsc per nwl Abt 








/Yi/>LRI 


6.0 


NA$ 


I7.I 


0.15 


8800 


LL2-m/?LRI 


6.0 


2.6 


17.1 


0.08 


4,700 (0.53)^ 



♦ The RNAsc activity was mea.siircd at the pH most optimal for m/>LR 1. The data were derived from the initial rates of reactions containing 0.3 and 1.0 nM rap LRI or 0.8 and 

2.5 nM LL2-m/>LRI and varying (0.1-1 mg/ml) concentrations of the yeast tRNA substrate. The data for each enzyme concentration was pooled and averaged. 

t The number of mols of RNAse conjugated per niol of antibody was determined spectrally at 4 12 nm by following the appearance of thionitrobenzoate ion (TNB). TNB is 

released from the 2-ITand DTNB-trcatcd antibody as disulfide bonds between the RNAsc and antibody are formed. 

+ NA. not applicable. 

% The number in parentheses indicates the percentage activity compared with rapLRl. 



detected on SDS-PAGE or HPLC analysis. The conjugate 
was tested for RNAse activity and compared to the 
enzymatic activity of unconjugated rap LRI. While the 
Km or affinity of conjugated rapLRl for the substrate 
remained similar to that of rapLRl, the catalytic 
efficiency (iTcai/^m) was found to decrease by 47% 
(Table I). All procedures used to link rapLRl -LL2 were 
derived from studies with LL2-onconase and details 
related to these were published recently [24]. 

Flow cytometry showed that the binding of LL2 to the 
CD22 antigen on human Daudi cells was the same for the 
native antibody or antibody conjugate (Fig. 1 A). A rat mono- 
clonal anti-idiotype antibody, WN, to the LL2 antibody was 
previously developed as a surrogate antigen for determi- 
nation of LL2immunoreactivity [38]. Bindingof LL2 to WN 
is not altered by conjugation to rapLRl (Fig. IB). 



LL2-rapLRl FORJMULATION 
CHARACTERISTICS 

For therapeutic applications, a disulfide-linked chemical 
conjugate must be stable. LL2-rapLRl was incubated 



with human plasma at 37°C for up to three days without 
significant loss of activity (Fig. 2). Problems with 
aggregation of anti-CD22 toxin antibodies have been 
experienced [39]. Therefore, the stability of LL2-rapLRl 
over time was assessed at different storage temperatures 
(Table II). Over 3.2 months, the percent of high 
aggregates increased from 6.7% in the original conjugate 
to 13.1, 9.5 and 10.2% at temperatures of 4, -20 and 
— 70°C, respectively. The change in biological activity 
(IC50) over this time was not significantly affected (70 pM 
in the original conjugate and 90, 70 and 90 pM after 3.1 
months at the above indicated temperatures). The results 
indicate that the LL2-rapLRl is stable at physiological 
temperatures and can be stored without significant 
problems of aggregation. 



W V/raO ACTIVITY OF LL2-rap LRI 

LL2-rapLRl was assayed for cytotoxicity by examining 
inhibition of protein synthesis on the Daudi human B-cell 
tumor cell line. Conjugation to the LL2 antibody resulted 
in an enhancement of rapLRl specific cytotoxicity 
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FIGURE 1 (A) Flow cytometric analysis of the binding of LL2 monoclonal antibody or the conjugate, Lhl-rap LR 1 , to human Daudi lymphoma ceUs. 
Daudi lymphoma cells were incubated with 250 jig/mL LL2 monoclonal antibody (LL2, heavy line) or LL2-rapLRl (LL2-rapLRl. solid curve) and 
binding was detected with Alexa labeled anlimouse antibody (1:200 dilution. Molecular Probes. Eugene. OR). As a negative control, target cells were 
incubated with Alexa labeled anti-mouse antibody alone (Neg). (B) Comparison of binding of LL2 and LL2-ra/?LRl to WN IgG. Elisa plates were 
coated with 100 p,l of a 10 M.g/ml solution of WN IgG antibody. LL2 (open circles) or LL2-rapLRl (solid circles). 100 p.1. at concentrations ranging from 
0.001 to 10M,g/ml were added to the plates. The binding was revealed with a peroxidase-conjugated antimouse inununoglobulin. 
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FIGURE 2 LL2-rapLRl is stable in human plasma when incubated at 
37'*C over a three day period. LL2-rapLRl was diluted 1:10 in pooled 
human plasma (Sigma, St Louis. MO) and incubated for 1. 2, and 3 days 
at 3TC. Cytotoxicity assays using Daudi lymphoma cells were 
performed to determine the activity of the treated conjugate in parallel 
with non-treated conjugate as described previously [24]. Day 0. solid 
circles; Day 1, open circles; Day 2. solid squares; Day 3. open squares. 

by 25,000-fold (IC50S, 0.06 and 1500 nM, rapLRl and 
LLl-rap LRl , respectively). 

The in vitro potency, as reflected by inhibition of 
protein synthesis, was enhanced by monensin, a 
carboxylic ionophore previously shown to enhance the 
activity of anti.CD22 immunotoxins (reviewed in Ref. 
[40]). monensin enhanced cytotoxicity 10-fold on Daudi 
cells (IC50S, 200 and 20 pM in the absence and presence of 
monensin. respectively). Similarly monensin potentiated 
LL2-onconase activity [24], indicating tiiat the routing of 
the CD22-ra/7LRl conjugate is not altered. The increase 
in cytotoxicity was due to specifically binding die CD22 
antigen. Competition with excess LL2 antibody (300 nM) 
completely abrogated the cytotoxicity of the conjugate. 
Moreover, LL2-rapLRl did not inhibit protein synthesis 
in Jurkat T-cells that do not express the CD22 antigen, 
even tiiough tiiis cell line was rhore sensitive to 
unconjugated rapLRl than the Daudi B-cell lymphoma 
ceU line (rapLRl IC50, 200 and 1500nM on Jurkat and 
Daudi cells, respectively). 



IN VIVO EFFECTS OF LL2-rapLRl: NON- 
SPECIFIC TOXICITY IN MICE 

To test non-specific toxic side effects, LL2-ra/?LRl was 
injected (i.p.) four times a day for five days. All mice 
survived total doses of 300, 400 and 500mg/kg, showing 
only a reversible weight loss upon cessation of treatment 
(Fig. 3). The highest dose of the conjugate tested 
(600mg/kg) was similarly tolerated during administration, 
but resulted in drug related death 15 days after 
administration of the conjugate. Comparable anti-CD22 
toxin conjugates are considerably more toxic to mice 
(LD50S, 0.5-80 mg/kg) [41-46]. 



IN VIVO EFFECTS OF LLl-rapLRl: TREATMENT 
OF MINIMAL AND ADVANCED SYSTEMIC 
DAUDI LYMPHOMA IN SCID MICE 

Intravenous injection (i.v.) of Daudi cells results in widely 
disseminated neoplasia with a more rapid onset of death 
compared to mice inoculated in the peritoneal cavity (i.p.) 
witii die same number of tumor cells [47]. Compression of 
die spinal cord causing hind limb paresis was previously 
shown to be predictive of survival time, and was used as an 
end point (MPT) when Daudi cells were injected 
intravenously. Actual survival is die endpoint when 
tumor cells are injected into die peritoneal cavity (MST). 
Excellent increases in lifespan were reported previously in 
diis model using die LL2-onconase conjugate [24], as well 
as widi anotiier anti-CD22-onconase conjugate (RFB4- 
onconase, S.M.R., unpublished results). In all of diose 
treatment experiments die conjugate was always superior 
to die individual components or a mixture of die individual 
components. 

In accord with die LL2-onconase studies, enhanced 
survival of mice after treatment widi die LLl-rapLRl 
conjugate is obtained (Table HI). The MST (1 10 days) of 
mice treated with LL2-rapLRl (i.p.) one day after tumor 
cell injection surpassed diat of die odier groups that 
included mice injected with PBS (MST, 55 days; 
P = 0.0005), or a mixture of unconjugated LL2 and 



TABLE II Stability of LL2-rapLRl stored at different temperatures* 



Time (months) 



Temperature f C) 



High MW aggregates (%) 



0 

1.8 



3.2 



Conjugate (%) 



4 
4 

-20 
-70 
4 

-20 
-70 



6.7 
13.8 

9.5 

8-2 
13.1 

9.5 
10.2 



93.4 
86.2 
90.5 
91.7 
86.8 
90.5 
90.0 



IC50 (pM) 



70 
60 
60 
70 
90 
70 
90 



was plotted versus test protein concentration. 



scmilogariihmic plots in which proteins synthesis as a percentage of control (buffer-treated cells) 
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FIGURE 3 Toxicity in mice of LL2-ra/?LRl. Proteins diluted in 
phosphate buffered saline (PBS) were administered i.p. four times daily 
for five consecutive days to SCID mice. Mice were observed for signs of 
toxicity and weighed daily for several weeks after the last administration 
of drug. PBS. solid squares; 300mg/kg LL2-rapLRl. open circles; 
'400mg/kg LL2-rapLRl, solid triangles; 500mg/kg LL2-ra/7LRl, solid 
diamonds; 600 mg/kg LL2~rap LR 1 , solid circles. 

rapLRl (MST, 76 days; P = 0.0002). Again, the 
covalently linked conjugate significantly increased the 
lifeispan of Daudi-bearing mice over that of vehicle 
injetted mice by 100%, v^hen injected one day after tumor 
cell injection. The enhanced survival of the mixture of 
LL2 and rap LRl is due to the antibody, and is consistent 
with the previously reported work [24] as well as 
responses of lymphoma patients to LL2 in human clinical 
trials [5]. The conjugate also was effective in treating mice 
with a more advanced tumor burden (Table m). In this 
model, tumor cells were injected i.v. and treatment was 
begun six days after tumor cell injection. The route of 
treatment was also examined in the advanced tumor 
burden model. Administration of conjugate intravenously 
was more effective (MPT 83 days; p = 0.0002) than 
intraperitoneal administration (MPT 62 days; p = 0.04), 
although both treatments increased survival (ILS, 102 and 
51%. respectively). 



TABLE in Treatment of minimal or advanced Daudi lymphoma 
disease with LL2-mpLRl or component proteins* 

Route of injection 



Drug 


Tumor Cells 


Agent 


MST/MPTt 


%ILS$ 


PBS 




ip 


55 




LL2+rapLRl 




ip 


76 


38 


LL2-ra/7LRl 


'Pi 


ip 


no 


100 


PBS 


IV ^ 


iv 


41 




LL2+rapLRl 


iv 


iv 


48 


17 






ip 


48 


17 


LL2-rapLRl 


iv 


iv 


83 


102 






ip 


62 


51 



•Daudi lymphoma cells (5x 10* cells) were injected either ip followed one day 
later for an additional four consecutive days or iv followed six days later for an 
additional four consecutive days with ip or iv Injections of PBS, 80 jtg LL2+20 p.g 
rap LR I or 100 (ig LL2-rap LR I . 

t MST, median survival time; MPT, median paralysis time. 
t % ILS, per cent increase in life span. 
1 ip, intraperiioneally; iv, intravenously. 



In summary, we have found that three different 
formulations of anii-CD22 RNAse (LL2-onconase; LL2- 
rapLRl and RFB4-onconase) conjugates elicit potent 
effects against an aggressive model of disseminated 
murine lymphoma. All of the results of these treatment 
experiments were accomplished with a total dose of 
25 mg/kg administered over five contiguous days. 
Preliminary experiments now indicate that doses as low 
as 0.25 mg/kg are as effective. Different schedules of 
administration are being examined to try to optimize 
treatment, since the effects are lost once the tumor cells 
escape to compartments not accessible to the conjugate 
(e.g. the spinal cord). This recombinant RNAse con- 
jugated to a CD22. B-cell antibody appears to hold 
promise as a new class of targeted therapeutics for B-cell 
malignancies. 
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